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On  lk$  DtUa  Rays  Emitted  by  Zinc  viiun  BtmbarM 
by  Alpha  Rays. 

By  PawSMCtt  J.  C.  McLennan,  F.R.S.  and  C.  G.  FOCND,  M.  A., 

University  of  Toronto. 

(RMd  May  Meeting.  19IS). 

I.  iNTMDUCnON. 

In  aome  experiments  by  V.  E.  Pound'  and  described  by  him 
in  a  paper,  "On  the  secondary-  rays  excited  by  alpha  rays,"  he  found 
that  the  delta  radiation  emitted  by  carbon  when  bombarded  by  the 
idpba  rays  from  polonium  increased  very  considerably  when  the  tem- 
perature of  the  carbon  was  lowered  from  room  temperature  to  the 
temperature  of  liquid  air.  He  also  showed  that  this  increase  in  the 
delta  radiation  from  carbon  as  its  temperature  was  lowered  was  due 
to  an  increase  in  the  amount  of  air  ocduded  in  the  surface  of  the 
carbon. 

Numerous  observers  have  also  found  that  the  amount  of  a  gas 

occluded  in  the  surface  of  metals  determines  to  a  very  considerable 
extent  the  intensity  of  the  photo-electric  effect  exliibited  by  such 
metals  when  stimulated  by  ultra-violet  light.  Indeed,  it  w  as  shown  by 
Kiistner*  that  no  photo-electric  effect  was  exhibited  by  zinc  even 
with  wave-leng  s  as  short  as  A  =  1850  A^.U.,  when  the  metal  was 
scraped  in  a  vacuum  after  extraordinary  precautions  had  been  taken 
to  exclude  gases,  particularly  the  active  ones.  Wiedmann  and  HaU- 
wachs'  have  shown,  too,  that  the  removal  of  occluded  gases  from  potas- 
sium by  repeated  distillation  in  a  very  high  vacuum  caused  its  photo- 
electric effect  to  disappear  completely  with  light  which  included  wave- 
lengths down  to  A  >=  3,400  A".  U.  The  results  of  KOstner  and  Wied- 
mann and  Hallwachs  have  also  been  confirmed  by  Fredenhagen.* 

In  addition,  Hughes^  has  shown  that  the  contact  difference  of 
potential  between  zinc  or  bismuth  both  distilled  in  vacuo  and  plati- 
num is  exceedingly  small  when  the  surfaces  of  the  zinc  or  bismuth 
consist  of  a  fresh  deposit  of  the  distilled  metals.    If  traces  of  air,  how- 

>  Ptmnd.   PhU.  Mag.  Nov.  23  and  24,  1912. 

>  KtMner.   Phys.  Zeit.  p.  68,  1914. 

•Wiedmann  and  Hallwachs.   Verh.  d.  Deutsch.  Phys.  Ges.  p.  107,  1914. 
*Fredenhagen.   Verh.  d.  DeutKh.  Phys.  Ges.  p.  201,  1914. 
•Hiigliet.   Phil.  Mag-  Stpt.  1914,  p.  337. 
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ever  be  .dmitted  into  the  cvacuat  .1  chamber  containing  the  inctals, 
n[;aV  ilKrea-.  take,  place  in  the  contact  difference  of  potent.al  be- 

'""In 'vlTofall  thes.  oxperinunts  it  wa.  thought  well  to  inve.ti- 
Mtc  what  the  effect  would  be  on  the  intcn>ity  of  the  delta  radiatMMi 
from  zinc  under  bombardment  by  alpha  rayn  when  care  was  takento 
remove  as  far  a«  possibk-  all  gasc-s  from  the  surface  of  the  z.nc  bombed- 
r  The  following  paper  contains  an  account  of  th»  .nvc«t.gat»n 
and  from  what  follows  it  will  be  seen  that  w.th  freshly  prepared  zmc 
Zi^Xhv  delta  rav  effect  is  excoe.Hngly  small;  but  that  when  a.r 
Upermitted  to  be  occluded  in  such  surfaces  a  very  great  incnawe 
takes  place  in  the  nwgnitude  of  the  effect. 

II.  Apparatus. 
The  apparatus  used  in  conducting  the  experiments  is  similar 
to  that  used  by  Hughes'  in  his  investigations  on  the  Photo^>«^tnc 
effect  and  is  shown  in  Fig.  1.    It  consisted  of  a  glass  tube  about  3 


Fig.  1. 

iHnghas.  no.  Itu*.  A.  CCXII,  p.  »».  W«- 
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am  in  diameter  and  about  60  cma  in  length.  This  tube  carried  at  it£ 
upper  end  a  tap  windlass  W  and  at  its  lower  end  it  was  provided  with 

a  g-ound  joint  for  fittinR  i  "nto  the  glass  hcatitiR  cham»H*r  shown  in 
the  diagram.   Tht  t.  je  w  -  lined  with  a  thin  walled  brass  tube,  whicH 
was  kept  joined  to  ear*',  through  a  connection  at  E.   B  and  D  were 
two  guiding  ro<ls  of  brass  attachwl  to  the  inner  linins,'  brass  tiil)e 
and  M  N  was  a  strip  of  br.is8  which  was  supportoii  '  >  .i  c«)nl  from  the 
windlass  W  and  had  loops  on  its  ends  about  the  guiding  rods  R  and  D. 
An  insulated  brass  rod  H  was  rigiilly  attached  to  M  \  through  the 
intermediary  of  a  short  c>  lindcr  of  aml)er  A.   It  carried  at  its  lower  end 
a  small  frfate  of  «nc  X  with  a  projecting  piece  S  which  c.imc  into  con- 
tact with  the  cup  C  when  the  rod  H  was  raised  by  the  windlass.  A 
slender  brass  nxl  connected  the  cup  C  to  a  sensitive  electrometer.  P 
was  a  circular  plate  of  copper  2  cms  in  diameter  with  a  deposit  of 
polonium  on  its  anterior  face.   Ab  hown  in  the  './ure  it  could  be 
connected  as  desired  to  either  terminal  of  a  batte     >f  small  storage 
cells.   The  tube  B'  was  filled  with  coconu;  charcoal  which  was  used 
for  the  purpose  of  improving  the  vacuum  made  with  a  Gacde  rotary 
mercury  pump.   F  was  a  sma"  fused  qv^  tr.  furnace  tube  and  was 
provided  with  platinum  heat.i     oils  as  s  .i  wn.    It  was  held  in  an 
U|Mright      ttion  by  means  of  a  uiort  glass  rod  sealed  into  the  base 
of  the  heating  chamber.   When  making  rinc  deposits  on  the  surface 
of  the  zinc  plate  X  the  apparatus  was  first  of  all  evacuated  as  highly 
as  possible  with  the  Gaede  pump  in  conjunction  with  the  coconut 
charcoal  cooled  with  liquid  air.   Metallic  zinc  placed  in  F  was  brmight 
to  the  boiling  point  with  the  heating  coils  and  the  nxl  H  was  lowered 
so  that  the  zinc  plate  X  was  directly  above  the  opening  in  F  and 
immersed  in  the  issuing  vapour.   With  this  arrangement  the  zinc 
(date  could  be  readily  coated  with  a  fresh  surface  when  desired.  In 
studying  the  delta  radiation  from  this  plate  the  rod  H  was  raised  w  ith 
the  windlass  W  until  the  projection  S  was  .i  electrical  contact  with  the 
cup  C.    Under  these  conditions  the  zinc  plate  X  was  directly  in 
front  of  the  polonium  coated  plate  P  and  was  subjected  to  bomba.d- 
nwnt  by  the  alpha  rays  which  were  emitted  by  the  latter. 

It  should  also  be  mentioned  that  when  in  operation  the  tube  was 
set  up  with  that  portion  about  P  in  the  field  and  between  the  poles 
of  an  electnmumnet. 

in.  EXPEKnfENTS. 

Experiment  I.  In  commencing  the  investigation  two  experi- 
ments were  carried  out  similar  to  thope  described  by  Logeman*  in 
his  paper  on  the  emission  of  electrons  from  metals  bombarded  by  alf^ 


>  Logeman.   Proc  Roy.  Soc.  Scries  A,  Vol.  78,  Sept.  6,  1907. 
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rays.    In  the  first  experiment,  a  heating  jacket  was  placed  about  he 
tute  containing  the  charcoal  so  as  to  drive  the  aJr  out  of  the  latter 
and  the  apparatus  was  exhausted  as  highly  as  possible  with  a  Gaede 
Jofary  meV^  pump.   After  this  was  done  the  heating  jacket  was 
rem^ed  from  B' and  when  the  latter  had  dipped  to  room  tempera- 
t^«7t  was  surrounded  with  a  Dewar  flask  and  cooled  with  liquui  a^ 
SL.  this  was  done  a  McLeod  gauge  attached  to  the  ^PParatus  showed 
that  the  pressure  in  the  vessel  had  been  reduced  to  consideraWy  below 
^1  mm'of  mercury.   The  zinc  disc  X.  whose  surface  had  be^  ^ 
fully  scraped  before  it  was  inserted  in  the  apparatus,  was  raised  until 
contact  w^made  between  S  and  C.   The  polonium  plate  P  w^  then 
charged  to  various  positive  potentials  by  means  of  the  storage  batten^ 
and  the  corresponding  currents  between  P  and  X  were  measured  w  A 
?he  Dolazaleck  quadrant  electrometer  joined  to  C    The  capacity  of  the 
quadrants  and  the  attached  electrical  system  was  foundto  be  140  es^ 
Thevaluesoftheappliedpotentialsandthecurrentstheypr^ucrf 

are  given  in  Table  I.  and  a  curve  representing  them  is  given  m  Fig.  2. 
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Sensibility  of  Electrometer,  S,  =  220  mm.  per  volt. 
Capacity  of  Electrometer,  C,  =  140  e.s.ii. 
D  =  deflection  in  mm.  scale  divisions  per  minute. 
The  current,  i,  -  C.  D/300.  S.  60  e.s.u. 


Voltage  on 

Deflection  in 

Current  X  10* 

Polonium. 

mm.  per  min. 

e.t.u. 

0  \'olts 

—  35  mm. 

127 

+    2  " 

-  22  « 

80 

+    4  « 

+    3  « 

+ 

11 

+   6  « 

11  « 

+ 

40 

+  10  « 

16  • 

+ 

58 

+  16  • 

20  • 

+ 

73 

+  22  • 

20  « 

+ 

73 

+  28  • 

21-5  mm. 

+ 

78 

+  40  « 

21  mm. 

+ 

76 

+  SO  • 

23  • 

+ 

84 

+  60  " 

23  " 

+ 

84 

+  80  « 

23  " 

+ 

84 

From  the  numbers  in  the  table  and  from  the  curve  in  Fig.  2 
it  will  be  seen  that  although  the  termin.il  P  was  always  either  at  zero 
or  at  a  positive  potential  relative  to  X,  the  current  was  initially  nega- 
tive and  remained  so  until  a  potential  of  about  4  volts  was  reached, 
when  it  passed  through  zero  and  became  positive,  gradually  increasing 
to  a  maximum  with  an  applied  positive  potential  of  about  40  volts. 

In  this  experiment  it  will  be  noted  that  the  current  between  F 
and  X  consisted  of:  (1)  a  very  small  positive  current  in  the  residual 
gas  due  to  ionisation ;  (2)  a  positive  current  consisting  of  the  stream 
of  alpha  particles  emitted  bv  the  polonium;  (3)  A  positive  current 
consisting  of  a  stream  of  recoil  atoms  from  the  polonium;  (4)  A  posi- 
tive current  due  to  electrons  passing  from  X  to  P  arising  from  the 
bombardment  of  X  by  the  alpha  particles  and  (5)  a  negative  current 
due  to  electrons  passing  from  P  to  X  which  accompanied  the  alpha 
particles  and  had  their  origin  either  in  the  polonium  or  in  the  copper 
surfaces  on  which  the  polonium  was  deposited.  With  zero  or  low 
positive  voltages  the  stream  of  electrons  mentioned  in  (5)  it  will  be 
seen,  completely  masked  the  other  four  constituents  of  the  current. 
As  the  poBittve  afq>lied  voltages,  however,  were  increased,  this  stream 
erf  ^ctoMis  was  tame  and  more  prevented  from  leaving  the  etectrode 
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P  and  finally  when  a  potential  of  40  volts  was  reached,  ^one^ 
«S  fr^m  P  at  all  and^he  current  became  constant  and  con«.ted 
erfour  constituents  mentioned  above.  Th  s  result  was  e^ctly 
rr'ordance  with  what  Logeman  had  pre-us^  observed  and  .t 
showed  that  the  apparatus  was  workmg  satisfactorily. 

Ec^ZZt  //  In  thesecondexperimentthepolonium-coatedd.sc. 
P  wJk^^ed  to  the  positive  terminal  of  the  battery  at  a  steady 
Ltential  of  lo  volts.  This  ensured  that  no  electrons  escaped  from  P. 
^^^XJdec^maijnet  was  then  excited  with  currents  of  different 
inten^tL  "TSgsTere  taken  on  the  corres^ndin,  current 
Sgh'e  chamber  to  the  zinc  plate  X  The  ««f^« 
«periments  of  this  type  are  given  in  TaWe  II  and  are  represented 
graphically  in  Fig.  3. 


Fig.  3. 
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Table  II. 


Vokage  on  pokmium  plate  -  80  vclts,.  powtive. 


Current  through 

Value  of  the 

Electrometer 

Current  V  10* 

the  cmla  of  the 

magnetkfieid. 

deflection 

elect  rotnagnet. 

per  min. 

sero 

aero 

230 

84 

•5  amp* 

240  gaun 

22-3 

72 

10  « 

410  « 

180 

58-3 

1-7  « 

690  « 

ISO 

49 

2-5  " 

905  " 

140 

45 

30  " 

1,020  " 

13-2 

43 

3-3  " 

1,100  " 

135 

44 

3-7  » 

1,190  " 

11-5 

37 

4-4  " 

1,275  « 

140 

45 

4-7  • 

1,300  • 

12-7 

41 

SO  « 

1,330  « 

13-7 

44 

60  • 

1,400  « 

13-7 

44 

From  these  it  will  be  seen  that  the  current  gradually  fell  off  as 
the  field  was  increased  and  ultimately  reached  a  steady  state  with  a 
field  of  approximately  1 ,000  gauss. 

From  the  known  properties  of  the  ionisation  currents  of  the  alpha 
rays  and  of  recoil  atoms,  it  is  clear  that  a  field  of  this  intensity  was  not 
sufficient  to  modify  to  any  appreciable  extent  the  current  carried  by 
them  to  X  and  it  follows  therefore  that  the  decrease  in  the  current 
observed  was  due  to  the  action  of  the  magnetic  field  in  curling  the 
electrons  emitted  by  the  zinc  plate  under  bombardment  by  the  alpha 
rays  back  again  into  that  plate.  This  experiment,  therefore,  showed 
that  a  field  of  1,000  gauss  was  sufficient,  when  the  applied  potential 
diiTerence  was  80  volts,  to  entirely  cut  off  the  stream  of  electrons.  The 
problem  before  us,  then,  was  to  apply  the  procedure  just  described 
to  the  investigation  of  the  intensity  of  the  electronic  stream  from  the 
rinc  plate  X  when  the  surface  of  this  plate  was  made  to  undergo  various 
modifications. 

Before  leaving  this  experiment  it  may  be  pointed  out  that  the 
results  obtained  go  to  show  that  approximately  three  electrons  were 
emitted  by  the  bombarded  zinc  plate  for  every  alpha  particle  which 
struck  it. 

From  the  table  it  will  be  seen  that  the  current  under  the  electric 
field  combined  with  the  maximum  magnetic  field  was  approximately 
44  X  10"*  e.s.u.  This  current  consisted  of  (1)  alpha  particles;  (2) 
recoil  attmis  and  (3)  the  ionisatkm  current.  As  the  gas  pret-  are  in  the 
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apparatus  was  exceedingly  low  the  ionisation  current  must  ^ve  been 
Srible.   Taking  it  to  be  «,  the  current  murt  have  been  carr«d  by 
Sl  oarticles  and  the  recoil  atoms.    If.  now,  we  assume  that  as 
'^\rn«rti^li  were  shot  back  into  the  polonium  plate  as  were 
;:^^)o^.^^tZt  U  follows  that  the  number  of  recoil  atoms 
K^rt  in  the  current  was  very  closely  equal  to  the  number  of 
Sfh^oTrt  cles  which  contributed  to  it.   Taking  the  charge  on  the 
d£  parttS^to  be  2e.  and  that  on  the  recoil  atom  to  be  e,  we  have 
alpha  P^""='^;°        •       ;  J  by  the  electrons  emitted  by  the  zmc 
"^'t  We  beln  40  X  0-  e  s.u..  the  number  of  alpha  particles 
^;-L7xX%yi*xiVv3e  Since. 

ted  by  the  zinc  plate  was  40  x  10  ^  /e  it  follows  that  2-73  electrons  were 
fitted  by  the  zinc  plate  per  alpha  particle  wh.ch  struck  it. 

Experiment  HI.  The  next  experiment  which  was  performed 
^J?to  llullrate  the  fatigue  of  the  delta  ray  effect.  In  this  case  the 
^^a  us  w^^^^^^^^^  evacuated  for  two  days  after  the  measure- 

Tnts  madrin  Experiment  I.  and  II  were  taken.   Ac  the  end  o  th.s 
time  readings  werftaken  by  applying  various  P^-^ive  potenUaU  up 
to  80  volts  and  when  this  was  reached  the  magnetic  field  w^  turned 
on  and  readings  were  taken  with  fields  up  to  /^-^ 
all  recorded  in  Table  III  and  are  shown  graphically  j/^ *^°f^^ 
with  the  results  of  Experiments  I.  and  II.  ^^^'^^^^^^ 
be  seen  that  while  the  maximum  current  under  80  vol  s  was  84  x 
10-'  e.s.u.  at  the  beginning  of  the  experiment  it  was  ody  63  x  1 0 
esu  after  two  days  evacuation.   With  an  applied  potential  diflF^- 
:„c^  of  S  ^Its  aJd  a  magnetic  field  of  1.400  gauss,  however,  the 
readings  obtained  on  the  two  occasions  were  practically  the  same. 
Tht  showed  that  the  current  carried  by  the  ^^^^^J^f^^^ 
rPToil  atoms  remained  the  same  for  the  two  days  but  that  in  tne 
^fv .'Tertronic  current  from  the  zinc  plate  under  bombard- 
x^ent  by  the  alpha  rays  had  dropped  from  40  x  10r»  e4i.u.  to  18  x  10^ 


e.s.u. 


(mclbknan-  on  the  delta  RAYS  EMITTED  BY  ZINC 
found] 


8ic.  III,I91«-I7 


(MCLENNAN-    ON  THE  DELTA  RAYS  EMITTED  BY  ZINC  229 

POUND] 

Table  III. 


Voltage  on 

PohMiiiin. 

Current 



Magnetic 

Fidd. 

tnin* 

v^olTent  X  Iv 
C8.U. 

sefo 

wm 

2CfO 

"  lu  mm. 

2  volts 

m 

m 

—  1/ 'U 

4 

« 

u 

1 1 

1 1 

lA 
oU 

8 

u 

10 

CA 
dO 

14 

« 

m 

£1 

A*} 

20 

u 

a 

oz 

40 

u 

a 

04 

60 

u 

u 

20-S 

80 

u 

u 

21-2 

62-6 

80 

■8  amp* 

240gauM 

19-5 

57-6 

80 

10  • 

410  « 

17-8 

S3 

80 

1-7  « 

690  • 

16-5 

49 

80 

2-5  " 

905  « 

14-8 

44 

80 

3-S  " 

1,140  « 

14-5 

43 

80 

4-4  " 

1,275  « 

15 

44 

80 

SO  « 

1,330  « 

15 

44 

80 

5-7  « 

1.390  « 

15 

44 

This  result  made  it  evident  that  the  electronic  stream  from  the 
zinc  plate  was  determined  to  a  considerable  ottent  by  the  amount  of 
air  occluded  in  its  surface.  For  it  is  clear  that  under  the  continuous 
evacuation  for  two  days  there  must  have  been  a  gradual  diminution 
in  the  amount  of  air  occluded  in  the  metal  and  as  everything  else  in 
the  experiment  remained  the  same  this  diminution  must  have  been  the 
cause  of  the  decrease  in  the  stream  of  delta  radiation. 

Experiment  IV.  In  this  experiment  a  freshly  cleaned  plate  of 
anc  was  attached  to  the  rod  H  at  X  and  the  apparatus  was  left  full 
of  air  at  atmospheric  pressure  for  6  days.  It  was  then  exhausted  as 
highly  as  possible  with  the  Gaede  pump  and  the  coconut  charcoal 
surrounded  with  liquid  air. 

Readings  were  first  taken  with  positive  potentials  applied  to  P 
up  to  80  volts  and  then  keeping  the  potential  of  P  at  80  volts  positive 
readings  were  taken  with  increasing  magnetic  fields  up  to  1,245  gauss. 
These  readings  are  given  in  Table  IV  and  the  curve  reprewnting  them 
is  shown  in  Fig.  5. 
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Table  IV. 


Z\nc  surface  firrt  Kraped  ctean  and  then  «po«=d  to  air  at  atmcpheric  prepare 

for  «ix  day*.  ^   —  " 

Current  X  lO' 


Vdtage  on 
Poioniuni 


zero 

h    2  volts. 
6  " 
10  " 
14  " 
20  " 
26  • 
30  " 
40  " 
60  " 
80  " 
80  " 
80  " 
80  " 
80  " 
80  " 
80  " 
80  " 
80  • 
80  • 
80  « 


Current 
through  Coils. 


Magnetic 
Field 


zero 


.5  amps 
•95  ^ 
1-3  " 

1-  65  " 

2-  3  " 

2-  8  " 

3-  3  " 
3-6  « 

3-  9  " 

4-  2  " 


Deflection 
per  mill* 


240  GauM 

405  • 

570  • 

680  " 

860  " 

995  " 

1 .100  " 
1,160 
1,205 
1,245 


-  8  mm. 
5 

22 

24-5 

25 

26 

26 

26 

26 

26 

26 

23 

23 

22-5 

20 

17 

15 

145 
14 
14 
14 


e.i>.u. 


-25 
16 
69 
77 
79 
82 
82 
82 
82 
82 
82 
72 
72 
71 
63 
53 
47 
45- 
44 
44 
44 


From  these  it  will  be  seen  that  the  maximum  current  obtained 
without  any  magnetic  field  was  82  x  lO"'  e.s.u  but  that  with  the  mag- 
netic field  applied  the  current  fell  to  44  x  10"*  e.s.u.  and  this  current 
as  was  pointed  out  before,  consisted  of  (1)  the  residual  loniaation  cur- 
rent (2)  the  stream  of  alpha  particles  from  P  and  (3)  the  stream  of 
recoil  atoms  from  the  same  source.  ...... 

After  the  set  of  readings  had  been  taken  the  liquid  air  was  taken 
from  about  the  charcoal  which  was  then  allowed  to  rise  to  room 
temperature.  The  heating  jacket  was  then  placed  round  it  and 
its  temperature  gently  raised  so  as  to  drive  off  as  much  of  the  occlua.-d 
air  as  possible.  While  this  was  being  done  the  Gaede  pump  was  kept 
constantly  in  action.  Meanwhile  the  rod  H  was  lower^  with  the 
windlass  W  until  the  plate  X  was  directly  over  the  furnace  F  and  about 
2  cms  above  it.  When  the  pressure  had  been  reduced  to  below 
•  001  mm  of  mercury  a  current  of  10  amperes  was  passed  through  the 
platinum  wire  of  the  furnace  for  IS  minutes.  This  sufficed  to  vapour- 
ize  the  zinc  in  the  furnace  and  to  deposit  a  good  coating  on  the  surface 
tA  the  zinc  i^te  X. 
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The  furnace  current  was  then  cut  off  anti  the  rotl  H  was  raised 
as  quickly  as  possible  until  contact  was  made  with  S  at  C.  A  positive 
potential  of  80  volts  was  then  applied  to  V  and  readings  were  taken 
with  increasing  magnetic  fields  at  intervals  of  a  few  minutes  for  half 
an  hour. 

The  magnetic  field  was  then  cut  off  and  at  the  end  of  55  minutes 
readings  were  again  taken  at  intervals  for  half  an  hour  with  electric 
fields  ranging  from  zero  to  80  volts.  At  the  end  of  <>()  minutes  a  read- 
ing was  taken  with  an  applied  field  of  80  volts  and  a  magnetic  fidd 
of  1,200  gauss  and  at  the  end  of  190  minutes  a  reading  was  again  taken 
undo*  the  same  conditions. 

All  these  readings  are  recorded  in  Tables  V  and  VI  and  curves 
drawn  from  them  are  shown  in  Fig^.  6  and  7. 
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Zinc  Mirtac*  dtpiMfc«|  from  fine  mpow  bi  a  high  vaaniin. 


Voltage  on 
Polonium 
Volts  + 

Current 
through 
Coils. 

Magnetic 
FieU 
Gaina. 

80 

aero 

zero 

80 

•S  ampi. 

240 

80 

•M  - 

405 

80 

I -65  • 

680 

80 

2-3  " 

880 

80 

2-8  « 

995 

80 

,?-6  « 

1,160 

zero 

zero 

zero 

2 

N 

M 

Time  since 
Mirlacc 


6 
10 
14 
20 
26 
30 
40 
60 
80 


Deflection 

par 
minute. 


Ciifmit 


5  min. 

53 

mm. 

166 

11  « 

52 

« 

163 

15  " 

53 

166 

18  - 

52 

M 

163 

2^  « 

53 

M 

166 

28  « 

53 

" 

166 

M)  " 

53 

166 

55  - 

-21 

-66 

58  - 

0 

• 

0 

60  • 

19 

« 

60 

62  " 

23 

m 

72 

65  « 

22 

u 

69 

67  « 

25 

u 

78 

"0  " 

25 

« 

78 

72  " 

25 

u 

78 

75  « 

25 

U 

78 

77  • 

25 

« 

78 

85  • 

25 

78 

Table  VI. 


Zinc  surface  deposited  from  zinc  vapour  in  a  high  vacuum. 


Electric  field  alone. 


•trie  and  magnetic  field. 


Time  since 

surface 
was  made.  Defleaion 
per  minute. 


10  min. 
30  • 
90  « 
190  ■ 


53  mm. 
43  « 
25  • 
19  • 


Saturation 
current. 


Deflection 
per  minute. 


Saturation 

curre-.f 


166  X  10"*e.s.u. 

53 

mm. 

166 

135  « 

43 

a 

135 

79  « 

22 

a 

69 

60  • 

IS 

47 
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One  point  whidi  b  brought  out  very  prominently  by  these  reading* 
b  that  for  the  fir»t  half  hour  the  current  Ix^twcen  P  and  X,  und"  ji 
potential  difference  of  80  volt*  wa»  the  same  whether  a  magnetic  field, 
as  high  even  as  1 .160  gauss,  was  applied  or  not.   From  this  it  was  mani- 
fest that  during  this  interval  there  was  practically  no  emission  of 
electrons  from  the  newly  deposittnl  zinc  surface,  under  bombardment 
by  the  alpha  rays.   It  will  be  noted,  too.  that  during  the  interval  the 
saturation  current  was  alK)Ut  165  x  10  *  e.s.u..  which  was  alx>ut  twice 
as  great  as  that  saturation  current  obtained  in  the  previous  experi- 
ment with  the  ordinary  sine  plate  without  the  fresh  deposit.  This 
was  very  probably  due  to  the  air  pressure  in  the  apparatus  being  swiie- 
what  higher  immediately  after  the  deposit  had  been  than  It  was  when 
the  observatbns  were  made  with  the  zinc  plate  in  its  original  condi- 
tion.   K\en  with  the  Gacde  pump  in  action  the  effect  of  heating  the 
furnace  and  the  charcoal  would  be  to  drive  off  considerabhs  air  from 
the  wal's  of  the  vessel  and  the  charcoal  into  the  apparafis  and  as  the 
%  olume  of  the  apparatus  was  considerable  it  would  take  time  to  remove 
this  air  again.   That  this  interpretation  wai  the  correct  one  »  diown 
by  the  readings  taken  in  the  second  period  extending  from  55  minutes 
after  the  deposit  had  been  made  up  to  85  minutes  ifter  that  time. 
These  it  will  be  seen  show  that  with  increasing  positive  potentials 
the  current  increased  and  finally  reache<l  a  maximum  of  only  78  x 
10-'  electrostatic  units.    This  would  indicate  that  during  the  first 
half  hour  the  ionisation  constituent  of  the  current  was  very  considef- 
able,  as  it  should  have  been  on  account  of  the  higher  air  pressure, 
while  at  the  end  of  85  minutes  after  the  deposit  had  been  made  it  was 
much  less  on  account  of  the  removal  of  the  air  from  the  apparatus. 

The  numbers  given  in  l  al.le  VI.  and  the  curves  in  Fig.  7  are  also 
of  interest  in  this  connection  for  they  show  not  only  that  the  current 
Kradually  diminished  with  the  lapse  of  time  .3wing  to  the  diminution 
of  the  ionisation  current  constituent  arising  from  the  gradual  reduc- 
tion of  the  air  pressure  but  also  that  there  was  a  gradual  increase  in 
the  electronic  stream  from  the  zinc  plate  with  the  lapse  of  time  under 
the  bombardment  by  the  alpha  rays.  .... 

From  what  has  gone  before  it  is  evident  that  this  development 
of  a  delta  radiation  from  the  zinc  plate  arose  from  the  gradual  occlu- 
sion  of  air  into  the  surface  of  the  zinc.  _ 

For,  as  the  vapour  was  deposited  on  the  zinc  plate  m  a  high 
vacuum  the  surface  would  not  contain  any  air  at  first.  1 1  would  not. 
however,  in  this  state  be  in  an  efjuilibrium  condition  and  a  tendency 
towards  absorption  would  exist.  The  result  of  this  would  be  that  so 
long  as  air  was  present  in  the  apparatus,  absorption  would  tak-o  place 
at  bast  until  an  equilibrium  was  established  between  the  air  occluded 


iMctENNAN.  ON  THE  DELTA  RAYS  EMITTED  BV  ZISC  2SS 

in  the  surface  and  that  within  the  apfMnitu*.   Thli  gradual  occlu^ 

of  the  air  by  the  zinc  surfart"  would  therefore  appear  to  artount  for 
and  to  be  the  cause  of  the  gradual  development  of  the  electronic  cur- 
rent. 

IV.  Summary  or  Results. 

1.  In  the  preient  investigotion,  it  has  l)ecn  shown  that  when  a 
plate  of  rinc,  with  a  freshly  scrapetl  surface,  is  placed  in  a  highly  ex- 
hausted  chamber  and  bombarded  by  alpha  rays,  there  i»  an  emiMton 
of  slow  moving  electrons  or  delta  rays  from  it  at  the  rate  of  three 
electrons  for  each  alpha  particle  impact. 

2.  It  has  also  been  shown  that  the  emission  of  electrons  from 
such  a  plate  of  rinc  under  bombardment  by  alpha  rays  diminished 
with  the  lapse  of  time  from  the  moment  when  it  was  placed  in  the 
high  vacuum. 

3.  It  has  also  been  shown  that  initially  then-  i  no  emission 
of  electrons  under  bombardment  by  alpha  rays  from  a  surface  of  zinc 
dcposilid  from  zinc  vapour  in  a  hi^h  vacuum;  but  that  as  time  i  la()scs, 
an  electronic  emission  is  gradually  developed  under  the  gradual  ab- 
sorption of  air  by  the  surface  of  the  ainc  deposit. 
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